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WIMP-Nucleon Cross Section [cm?]

Direct detection experiments are beginning to probe
interesting regions of MSSM parameter space
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Future upgrades will probe lower cross sections



Null results =—> Bounds on parameter combinations
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Null results =—> Bounds on parameter combinations
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What does it mean for generic SUSY models??
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A meaningful measure:
Fine-tuning




A meaningful measure:
Fine-tuning

In EW sector, MSSM parameters must reproduce the
correct m,
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Calculate sensitivity to small changes in MSSM
parameters:
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Add these in quadrature — a measure of EWSB fine-tuning
Fine tuned for large u and (to lesser extents) large m, and

small tan




A meaningful measure:
Fine-tuning

The Question:

In generic MSSM, is there a correlation between direct
detection cross section and fine tuning?

(ie, are lower cross sections more fine-tuned?)

Philosophy:
Assume no relations between weak-scale MSSM parameters

No accidental cancellations (want to make general statements
valid in most of the parameter space)




Spin independent scattering
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Spin independent scattering

: : _ Ignore this contribution
Direct detection cross section depends only on

p; = (M, Ms, pp,tan 3,m 4 )

These same parameters enter fine-tuning!



Approach

Scan over parameters  p; = (M, My, p,tan 5,my)
IM,| € [10,10%] GeV;  |Ms| € [80,10%] GeV:
p € [80,10% GeV;  my € [100,10% GeV;
tan 3 € [2,50].

Fix Higgs mass at
m,=120 GeV

Requirements:
neutralino LSP, charginos heavier than 100 GeV

Scan with all real, positive parameters (next few slides),
then look at cases where parameters are negative or
complex
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LSP Neutralino content
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LSP Neutralino content
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Xenon100 results are forcing us into pure gaugino or
pure higgsino regions
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Gaugino Dark Matter and Fine-Tuning

My<uwor My<u

Can derive an approximate, analytic bound
(for all real, positive parameters):

Omin = (1.2 x 107* cm?) (120 Gev)ﬂl | ( 1 ! ﬂfLSP)E

A \tanp i VA mz

n A
Also see hep-ph/0606134

For a given LSP mass, a lower cross
section requires greater fine-tuning!
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Gaugino Dark Matter and Fine-Tuning
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Gaugino Dark Matter and Fine-Tuning
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Fine-tuning: Red, green, cyan: >10,100,1000

 Current Xenon bound — More than 10% fine-tuning above 70 GeV

« Xenon 1T will probe regions with fine-tuning down to percent level
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Higgsino Dark Matter
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Can keep u small and avoid fine-tuning, but increase M,, M, and
suppress direct detection cross section

Need additional constraint:

require relic density to equal/exceed observed relic density

(we are ignoring contributions from squarks, including them will
lead to larger annihilation cross sections and lower relic density)
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Negative Parameters

(Choose basis where M,, M, can be negative)

Accidental cancellations between contributions possible,

aforementioned correlations no longer hold
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tan &

Negative Parameters

However, such cases themselves require parameters to be
tuned to achieve the right cancellation
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Quantify this accidental cancellation in the same way as fine-
tuning in the EWSB sector: 5/ Alomo \2
Do = Jg (51‘;}:%)
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Negative Parameters

With and without points with accidental cancellations in
direct detection cross section
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Complex Parameters

(basis with M,, M, complex)
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Conclusions

Current bounds require pure gaugino / higgsino LSP

Gaugino LSP: smaller direct detection cross sections
correlate with stronger fine-tuning; current Xenon100
bounds already imply ~10% tuning

Higgsino LSP: Relic density constraint already
seems to require sub-percent level fine-tuning

Xenon1T can probe regions with fine tuning down to
percent level

Similar correlations may persist in the NMSSM (work
in progress)
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